Insulator is one of the most important equipments in an electric power system. Since long time ago ceramic insulators are widely used in transmission as well as in distribution lines. As outdoor insulators, the insulators are subjected to outdoor environmental stresses such as humidity, temperature and pollution. Under polluted and wet condition, high leakage current may flow on the insulator surface. As the result a dry band arching may take place and in the long time it may degrade the insulator and initiate the insulator flash over leading to the failure of the lines. Several efforts may be taken to improve the insulator performance under polluted condition. They are increasing the number of insulator strings, modification of insulator design to increase the creep age distance and regular washing. This paper presents the investigation \ results on the silicone coating on ceramic insulators under laboratory and real environmental conditions. It was found that the coating was significantly suppressed the magnitude of leakage current and drastically eliminated the harmonic content. The coating also drastically suppressed the corona on the insulator and reduced the surface temperature. The coating also significantly increased the flash over voltage of the insulator. Leakage current analysis and simulation showed significant improvement of surface resistance of insulator after application of RTV coating under most environmental conditions compared to those of uncoated insulators. Overall investigation results indicated significant improvement of insulator performances by applying RTV silicone rubber coating.
Introduction
The electrical energy demand is increasing steadily. For transmitting a huge amount of electrical energy high voltage transmission system has been widely used. In the transmission system high voltage equipments such as transformers and insulators play important roles. For obtaining normal operation of the power delivery it is necessary to maintain the insulation in the equipments. Ceramic insulators are widely used at substations, transmission and distribution network as well [1] . Outdoor insulators are exposed to environmental climate such as high temperature and humidity as well as pollution from coast and industries. As the result, leakage current may flow on the insulator surface and may degrade the insulator surface [2] . Under particular condition, dry band arcing may take place on the insulator surface leading to the failure of the insulators [3] [4] [5] .
There are three solutions introduced to solve the environmental problem on the insulator surface. They are periodic washing of insulators, improvement of insulator design and coating with water-repellent agents.
This paper reports the experimental results on the characteristics improvements of various types ceramic insulators by using RTV silicone coating under artificial and natural environments.
Experiment

A. Samples
There were 4 kinds of insulators used in the experiment. The first insulator was 20 kV class pin-post type ceramic insulators. The insulators has creep age distance of 500 mm. The insulators are widely used in Indonesian electricity network. The second insulator was suspension type with creep age distance of 315 mm. The insulators are widely used for 500 kV transmission line insulator strings. The uncoated and coated insulator pictures are shown in figure 2. The 3 rd sample was rod type insulator used at 150 kV transmission as shown in figure 3 . The rod type insulators were installed in 150 kV transmission lines at Ketewel coastal area in Bali Island. This area is a heavily coastal polluted area and many insulator flashovers are found in the area. The last sample was coated and non coated insulators aged at Pangandaran sub station. The location is 40' South and 108' East hemisphere and 500 m from Indonesian ocean. The area is highly salt polluted with high failure rate of high voltage insulators. The samples were coated with room temperature vulcanized (RTV) silicone rubber by using high pressure nozzle with thickness of 0,3 ± 0,05 mm. The 4 samples are tabulated in table 1.
B. Artificial Pollution
To investigate the performance of the silicone compound coating, artificial contamination was applied to the insulators. Artificial pollution was applied in accordance with IEC Standard No. 507 1991 [6] . Kaolin of 40 g was used in every 1 lt water. NaCl was added to the solution to get the desirable value of conductivity. The dry-clean insulators were dipped upside down in the kaolin/salt slurry and were rotated along the axis to obtain uniform contamination. Then the insulators were dried. The sample was put in a test chamber made from aluminium panel with dimension of 900 x 900 x 1200 mm 3 . An artificial pollution was exposed to the samples in the chamber. The samples were subjected to tests according to IEC 507(1991) (fog chamber test).
C. Insulator Surface Hidrophobicity
Hidrophobicity is a measure of the ability of a surface to repel water dropped on the surface. The hidrophobicity of the insulator surface in this experiment was determined by measuring the contact angle α  of water on the surface. Water drop of 50 μl was put on the insulator surface. The water drop profile was taken 2 minutes after the water drop was put on the surface using a camera. The profile of the water drop was taken using a digital camera and the contact angle α= (180 o -γ) was determined from the image as illustrated in figure 1.
D. Corona and temperature measurement
Corona may occur at a very high electric field spot. Corona may take place on the outdoor surfaces under particular conditions Corona on insulator surface was measured using a Ultra Violet camera Daycor II SN 169. By using this camera the corona intensity can be determined from remote place. The insulator surface was measured using Infra Red Vision camera VISIR. The method was introduced for insulator inspection [7] .
E. Leakage Current (LC) and Flashover Voltage Measurements
High AC voltage of 50 Hz was applied to the insulators. The leakage current flowed on the insulator surface was measured by measuring the voltage across a series resistance using a Digital Oscilloscope with digitizer of 8 bit, bandwidth of 100 MHz, and the maximum sampling rate of 1 GS/s. LC waveforms including low and high frequency components were obtained. The digital data was transferred to a personal computer trough a GPIB for further analysis. The flash over voltage was measured in the same test chamber by increasing the applied voltage. Visual observation was done using a video camera. Detail of the measurement was explained elsewhere [8] . Figure 2 shows LC measurement at Pangandaran Sub Station. Figure 3 shows the dependence of leakage current for clean and kaolin-salt polluted samples on the applied voltage for post pin type insulators both for TRV coated and non coated insulators. The figure shows that the LC magnitude strongly dependent on the pollution levels and applied voltage. On applied voltage of 10 kV, it can be seen that the LC magnitude almost the same for clean sample and kaolin-salt samples. Along with the increasing of applied voltage, the LC magnitude of kaolin sample is higher than the clean sample. Under kaolin salt pollution of 12 mS/cm non coated insulator flashover at applied voltage of 44 kV. However, no flashover was observed for RTV coated insulators even at applied voltage of 60 kV. The leakage current was also as low as 1.3 mA at this voltage level. The magnitude of the leakage current is strongly dependent on the insulator surface condition. The leakage current can be used to monitor the insulator conditions [9, 10] . The facts also indicate that RTV coating on insulator surface significantly improve the flashover voltage. Therefore, mitigation of insulator flashovers can be done using RTV coating. 
Experimental Results
A. Leakage current Suppression and flashover voltage Increase
Flash
B. Hydrophobicity Improvement
Good outdoor insulators have a strong ability to repel water and pollution from their surfaces. This property is called as Hydrophobicity. Hydrophobicity is indicated by its contact angle. Hydrophobic surface has contact angle more than 90° while hydrophilic less than 90°. Figure 6 shows photographs of water droplets on uncoated as well as RTV coated insulators surfaces. The water droplet profiles indicates the hydrophobicity of the surfaces. Table 2 shows typical photographs of water droplets 50 µL on clean and kaolin-salt polluted non-coated as well as RTV -coated insulators. The contact angle of the water droplets was measured at 3 minutes after the water droplets were put on the samples. and became more hydrophylic. This is a significant reduction of hidrophobicity. However, for RTV coated insulators, the contact angle can be maintained at the range of 91-100 o and still highly hydrophobic. The dynamic of the hidrophobicity can be explained in term of the activity of silicone rubber molecules on the insulator surfaces [11, 12] Figure 3 shows photographs of rod insulators installed at Ketewel coastal area in Bali. Installed insulators at phase R and S are non-coated insulators while for phase T is RTV silicone rubber-coated insulator. The insulators were installed in February 2009. Corona intensity was measured using UV camera Daycor II SN 169. The count rate indicates the intensity of the corona. The figure shows that the coronas measured for non coated insulators installed at phase R and S were at count rate of 3598/min and 3642/min respectively. On the other hand corona for RTV silicone rubber coated insulator installed at phase T was 357/min. The results indicate that RTV silicone rubber coating drastically reduces the corona intensity on the insulator surfaces. o C between non coated and coated insulator. This is a great considerable improvement. Figure 5 shows typical leakage current waveforms and harmonic components for clean non coated (a) and RTV silicone coated insulator (b) under clean fog and energized at 40 kV. The LC waveforms were strongly distorted from their sinusoidal due to presence of harmonic components specially 5 th and 7 th components as results of the non linearity behaviour of the insulator. The distorted LC waveform also due to the presence of discharges on the insulator surface especially during dry band arcing [13] [14] [15] . In order to obtain deeper understanding of insulator properties and the role of RTV silicone rubber coating, an electrical equivalent circuit model is used. The detail of the modeling of the insulator was explained in [16] . Considering the properties of leakage current waveforms flowed on the suspension high voltage ceramic insulator, the insulator can be represented by resistors, capacitances, non linear capacitors and arcs. Resistors and capacitances represent the bulk properties of the insulator under high voltage. The non linear resistors are the representation of the non linear behaviour of the insulator surface particularly under pollution and high humidity while the arc represents the discharges occur on the insulator surface. The equivalent circuit is shown in figure 6 . 
C. Reduction of Corona intensity and reduction of surface temperature
D. Leakage current waveforms and computer simulation
Conclusions
We have investigated the properties of RTV silicone rubber coating for various types of outdoor insulators. From the investigation it is obvious that RTV silicone rubber coating improves the surface smoothness and hydrophobicity. RTV silicone rubber coated insulators can maintain their hydrophobicity under various polluted condition. RTV silicone rubber coating suppressed the magnitude of leakage current and increased the flashover voltage under various artificially -simulated pollution. RTV silicone rubber coating significantly reduces the corona intensity on the insulator surfaces. It also reduces the insulator surface temperature.
From the electrical equivalent circuit model and computer simulation of leakage current waveforms it is clear that application of RTV silicone rubber coating increase the non linear resistances of the outdoor insulators.
